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(57) A method for fabricating a CMC (Ceramic Ma- 
trix Composite) article, comprising: performing a CVI 
(Chemical Vapor Infiltration) treatment (5) for forming a 
SiC matrix layer on the surface of a woven fabric; per- 
forming a machining process (6), after the CVI treatment 
(5), for machining the woven fabric; and performing a 
PIP (Polymer Impregnation and Pyrolysis) treatment 
(7), after the machining process (6), for impregnating an 
organic silicon polymer as a base material into voids in 
the matrix layer and pyrolyzing the organic silicon poly- 
mer. By this method, the throughput of CMC articles can 
be preferably increased. The throughput may be further 
Increased by performing a slurry impregnation treat- 
ment (13) before or after the PIP treatment (7), in which 
slurried SiC is impregnated into the voids in the matrix 
layer. 
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Description 

[0001] The present invention relates to an improved 
method for fabricating a fiber-reinforced ceramic matrix 
composite, and more particularly, relates to a method 
for fabricating an articte in a short period by impregnat- 
ing a matrix substance. 

[0002] In order to Increase performance of a rocket 
engine consuming, as fuel, NTO/N2H4, NTO/MMH, and 
the like, it is necessary that the combustion chamber 
(thrust producing chamber) of the rocket engine have 
extremely high thermal resistance. A niobium alloy, with 
a coating, able to resist temperatures of up to about 
1,500°C has been used for forming combustion cham- 
bers of numerous rocket engines so as to meet the ther- 
mal requirement. On the other hand, drawbacks of this 
material are that it is heavy due to its high density and 
that it exhibits low strength at high temperature, and in 
addition, the service life of its coating is relatively short. 
[0003] Although ceramics exhibit excellent thermal 
resistance, they are brittle. In order to overcome the de- 
fect, a ceramic matrix composite reinforced with ceramic 
fibers (hereinafter abbreviated as CMC) has been de- 
veloped. A CMC consists of ceramic fibers and a ceram- 
ic matrix. A CMC is generally specified in the form of 
ceramic fibers/ceramic matrix. For example, if a CMC 
consists of a ceramic fiber of silicon carbide (hereinafter 
abbreviated as SIC) and a ceramic matrix of SiC, this 
CMC is specified as SiC/SiC. 

[0004] Because CMC is relatively light and has supe- 
rior thermal resistance, it may be preferably used not 
only in combustion chambers (thrust producing cham- 
bers) In rocket engines described above, but also in fuel 
pipes which will be exposed to high temperatures, tur- 
bine blades in jet engines, combustion chambers there- 
of, and afterburner parts thereof. 
[0005] On the other hand, CMCs tend to fall to be air- 
tight and to exhibit low thermal shock resistance. When 
a CMC is used as a material for an article, first, the shape 
of the article is created with ceramic fibers, and then a 
matrix is formed in the voids among the fibers by chem- 
ical vapor Infiltration (hereinafter abbreviated as CVI 
treatment). It takes a long time, e.g., more than a year, 
which is impractical, to completely fill the voids by a CVI 
treatment, which is a serious problem. If the article made 
of an ordinary CMC by the above method is tested at a 
high temperature and is exposed to a severe thermal 
shock, e.g., a temperature difference of more than 
900°C, the strength of the article is drastically reduced, 
and consequently, the article cannot be used. There- 
fore, it has been generally believed that an ordinary 
CMC is not suitable for elements such as combustion 
chambers (thrust producing chambers) and fuel pipes 
which must provide both airtight performance and ther- 
mal shock resistance. 

[0006] Japanese Unexamined Patent Application, 
First Publication. No. 2000-219576 discloses a fabrica- 
tion method for overcoming the above problem. This 



method uses a treatment consisting of polymer impreg- 
nation and pyrolysis (hereinafter abbreviated as PIP 
treatment). The method comprises the steps of shaping 
a woven fabric into the desired shape of an article; form- 

5 ing a SiC matrix layer on the surface of the woven fabric 
by a CVI treatment; impregnating an organic silicon pol- 
ymer, as a base material, into voids in the matrix layer, 
and pyrolyzing the organic silicon polymer by a PIP 
treatment. Because a matrix is formed more quickly by 

10 a PIP treatment than by a CVI treatment, and because 
a PIP treatment can be repeatedly performed in a short 
period, the remaining voids in the matrix layer after a 
CVI treatment can be completely filled by repeated PIP 
treatments, whereby airtightness of the articte is im- 

15 proved. Since the matrix formed by PIP treatments has 
microcracks and the binding force among the ceramic 
fibers is relatively low, the Young's modulus of the CMC 
Is reduced when a PIP treatment is performed in addi- 
tion to a CVI treatment than when only a CVI treatment 

20 is applied for forming the CMC as was usual. As a result, 
thermal stress is reduced and thermal shock resistance 
can be much improved. 

[0007] In such known processes for fabricating an ar- 
ticle with CMC, the shape of the article is formed by ma- 

25 chining after a sufficient density of the matrix layer is 
achieved by a PIP treatment, and then finally another 
coating process is performed by a CVI treatment. For 
example, in the case of fabricating a chamber of a rocket 
engine and the like as the article, the chamber must 

30 have a high degree of airtight performance, i.e., must 
achieve so-called no-leak performance upon comple- 
tion in order to prevent combustion gas from escaping. 
In order to meet the no-leak requirement, a leak test is 
performed after coating by a CVI treatment, and de- 

35 pending on the leak test result, further PIP treatments 
and coating processes by CVI treatments may be re- 
peated as necessary. 

[0008] The conventional method for fabricating a 
CMC above described, however, includes some draw- 

40 backs as follows. 

[0009] Since the voids in the woven fabric are filled or 
covered by the matrix layer formed near the outer sur- 
face of the woven fabric through the CVI treatment, a 
polymer cannot be easily impregnated into inside the 

45 woven fabric during the PIP treatment. Because of this, 
the PIP treatments must be performed up to 30 to 40 
times in order to achieve a desired density of the poly- 
mer by filling the polymer, and thus to achieve no-leak 
performance, which means that throughput is very low. 

50 [0010] Based on the above problem, an object of the 
present invention is to provide a method for fabricating 
a CMC article by which throughput of the CMC articles 
is increased. 

[0011] A method, according to a first aspect of the 
55 present invention, for fabricating a CMC article, com- 
prises performing a CVI treatment for forming a SiC ma- 
trix layer on the surface of a woven fabric; performing a 
machining process, after the CVI treatment, for machin- 
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ing the woven fabric; and performing a PIP treatment, 
after said machining process, for impregnating an or* 
ganic silicon polymer as a base material into voids in the 
matrix layer, and pyrolyzing the organic silicon polymer. 
[001 2] In the above method, the matrix layer, which is 
formed in an outer portion of the woven fabric by the CVI 
treatment and covers the voids, can be removed by the 
machining process. As a result, impregnation paths are 
preferably provided in the PIP treatment, through which 
an organic silicon polymer can be easily impregnated 
into the inside portion of the woven fabric; thus, the 
number of the repeated PIP treatments may be reduced. 
[0013] In a method according to a second aspect of 
the present invention for fabricating a CMC article, in 
addition to the processes in the first aspect, the woven 
fabric is machine-finished into a desired shape in the 
machining process. 

[001 4] In the above method, because the matrix layer, 
which is formed in outer portion of the woven fabric and 
covers the voids, can be removed and the woven fabric 
is machine-finished into a desired shape, another finish- 
ing process after the PIP treatment is not required. 
[0015] A method, according to a third aspect of the 
present invention, for fabricating a CMC article, in addi- 
tion to the processes in the first or second aspect, further 
comprises performing a slurry impregnating process be- 
fore or after the PIP treatment for impregnating SiC in a 
slurry state into voids in the matrix layer. 
[0016] In the above method, the filling factor can be 
efficiently increased, and consequently, the number of 
the repeated PIP treatments may be further reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG- 1 is a flow diagram showing a method for fab- 
ricating a CMC article according to the first embod- 
iment of the present invention. 
FIG. 2 is a flow diagram showing a method for fab- 
ricating a CMC article according to the second em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The preferred embodiments of the present 
method for fabricating a CMC article will be explained 
with reference to the accompanying drawings. FIG. 1 is 
a flow diagram showing a method for fabricating a CMC 
article according to the present invention. 
[0019] As shown in FIG. 1 , a method according to the 
present invention is applied to a fabrication method, in 
part, comprising: fabric manufacturing 1 , weaving 2, de- 
sizing 3, i.e., removing a sizing agent, C-CVI (car- 
bon-CVI) treatment 4, SiC-CVI treatment 5, machining 
6. PIP treatment 7, SiC-CVI treatment 8, leak test 9, PIP 
treatment 10 depending on the result of the leak test. 



and SiC-CVI treatment 1 1 . Each of these processes will 
be explained below. 

[0020] In the fabric manufacturing process 1 and 
weaving process 2, a SiC fabric is processed into a wo- 

s ven fabric having a desired shape. The shape of the wo- 
ven fabric formed in the weaving process 2 preferably 
corresponds to a 3-D shape which matches a desired 
article such as a combustion chamber (thrust producing 
chamber) in a rocket engine, a fuel pipe to be exposed 

10 to high temperatures, a turbine blade in a jet engine, a 
combustion chamber thereof, and afterburner parts 
thereof In the de-slzing process 3, excess polymer coat- 
ed on the woven fabric is removed. 
(0021 ] A method according to the present invention is 

15 a hybrid treatment comprising: a CVI treatment in which 
a SiC matrix layer is formed on the surface of the shaped 
woven fabric under reduced pressure conditions; a PIP 
treatment in which an organic silicon polymer, as a base 
material, is impregnated into voids in the matrix layer 

20 and pyrolized; and a machining process in which the wo- 
ven fabric Is machine-tooled. 

[0022] In the example shown in FIG. 1 , the CVI treat- 
ment comprises a C-CVI treatment 4, two SiC-CVI treat- 
ments 5 and 8, and a SiC-CVI treatment 11 performed 

25 as necessary depending on the leak test result. In the 
C-CVi treatment 4, carbon, preferably graphite carbon, 
or boron nitride is coated on the shaped woven fabric. 
The thickness of the coating is preferably from 0. 1 to 1 .0 
micrometers. As disclosed in Japanese Unexamined 

30 Patent Application, First Publication, No. Sho 63-1 2671 , 
such a coating layer has a function of separating the ma- 
trix from the ceramic fibers and increasing toughness of 
the fibers. 

[0023] The SiC-CVI treatments 5, 8, and 11 use so- 

35 called chemical vapor infiltration methods in which the 
woven fabric is fixed by specific formers in a furnace and 
is heated, methyltrichlorosilane, for example, is supplied 
into the furnace under reduced pressure conditions, and 
SiC is formed in the woven fabric. The first SiC-CVI 
treatment 5 is repeatedly performed as necessary until 
a desired volume ratio of the matrix formed by the CVI 
treatment is achieved. The latter SiC-CVI treatments 8 
and 1 1 are coating treatments performed in order to form 
a dense matrix on the surface of the matrix formed by 

45 the PIP treatment. 

[0024] The machining process 6 is performed to ob- 
tain a desired shape of the CMC article by machine tool- 
ing or surface finishing after CVI treatment. In this proc- 
ess, a diamond wheel, for example, is used to finish the 

50 article into a desired shape, 

[0025] The PIP treatments 7 and 1 0 are so-called pol- 
ymer impregnation and pyrolysis method including a im- 
pregnation process in which an organic silicon polymer, 
as a base material, is impregnated, under reduced pres- 

55 sure conditions, into voids in the matrix layer formed by 
the CVI treatment, and pyrolysis process performed af- 
ter the impregnation process. The polymer is easily im- 
pregnated into the voids by performing the impregnation 
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process under reduced pressure conditions because air 
in the woven fabric is evacuated. The impregnation 
process and the pyrolysis process are repeatedly per- 
formed as necessary until a desired density is achieved. 
The organic silicon polymer used in the impregnation 5 
process is preferably, for example, a polycarbositane 
solution in which polycarbositane is dissolved in xylene, 
polyvinyisilane, potymetallocarbosilane. and the like. By 
the PIP treatment in which one of these polymers is im- 
pregnated and pyrolized, the matrix having microcracks 
can be formed in a short period. 
[0026] The impregnation process included in the PIP 
treatment is preferably selected from dipping, reduced 
pressure impregnation, and pressurized impregnation, 
or combination thereof. A large amount of organic silicon 
polymer can be impregnated in a short period by using 
a dipping method. An organic silicon polymer can be im- 
pregnated into minute voids by using reduced pressure 
impregnation. Airtightness of the article can be im- 
proved by performing reduced pressure impregnation 
while applying pressure in the direction along which 
pressure is applied in use of the article. 
[0027] The leak test 9 comprises the steps of: dipping 
a combustion chamber, for example, formed of a Cf^C 
in water; pressurizing inside the chamber, for example, 
up to pressure of 0.7 MPa using nitrogen gas; trapping 
the gas leaked through the chamber; and measuring the 
volume of the gas as the amount leaked. In this case, 
the chamber throat should be isolated from the chamber 
by sealing so that the nozzle portion is not pressurized. 
[0028] Fabrication process for a CMC article, a com- 
bustion chamber for example, will be explained below. 
[0029] First, a woven fabric is made through the fabric 
manufacturing process 1 , the weaving process 2, and 
the de-sizing process 3 as described above. In the next 
step, carbon is coated on the woven fabric by a C-CVI 
treatment 4, and then a matrix is formed in voids in the 
fabric by a SiC-CVI treatment 5. 
[0030] In the machining process 6, the CMC is fin- 
ished to the final article shape of the chamber. After this 
process, an organic silicon polymer is impregnated into 
voids in the matrix layer and pyrolized during the PIP 
treatment 6. Because the matrix layer (so-called CVI 
membrane) which had been formed on the outer surface 
of the woven fabric through the CVI treatment and which 
covers the voids has been removed by the machining 
process, impregnation paths are retained open, through 
which a sufficient amount of the organic silicon polymer 
can be impregnated into inside the woven fabric in the 
following PIP treatment 7. 

[0031] After the PIP treatment 7, another SiC-CVI 
treatment 8 is performed on the woven fabric, by which 
the combustion chamber having a dense matrix coated 
on the surface of the previously formed matrix is ob- 
tained. 

[0032] Upon completion of the SiC-CVI treatment 8, 
the teak test 9 is performed on the combustion chamber 
as a CMC article, and it is judged whether or not no-leak 



performance has been achieved in the judgement proc- 
ess 1 2. If no-leak performance is achieved, then the fab- 
rication processes end, and if not, i.e., the filling factor 
(density) of the matrix is not sufficient, then the PIP treat- 
ment 10, the SiC-CVI treatment 11, and the leak test 9 
are repeated until no-leak performance is achieved. 
[0033] In the method for fabricating a CMC article ac- 
cording to this embodiment, a sufficient amount of the 
organic silicon polymer can be impregnated into the in- 
side of the woven fabric during the PIP treatment 7 since 
the CVI membrane formed through the CVI treatment 5 
has been removed by the machining process prior to the 
PIP treatment 7. As a result, the number of PIP treat- 
ments 10 repeated after the leak test 9 may be reduced 
down to about 20 times, whereas previously 30 to 40 
times was necessary, whereby the throughput of CMCs 
can be greatly increased. 

[0034] In addition, because the woven fabric is fin- 
ished into a desired shape in the machining process 6, 
another finishing is not required after the PIP treatment, 
which contributes to further increase in the throughput 
of CMCs. However, when higher accuracy of the fin- 
ished shape is required, depending upon the shape of 
the article, another machining process 15 for the final 
finishing may be performed between the PIP treatment 
7 and the CVI treatment 8, as shown in FIG. 1. 
[0035] The method for fabricating a CMC article ac- 
cording to the second embodiment of the present inven- 
tion will be explained below with reference to FIG. 2. in 
FIG. 2. the same reference numerals are applied to the 
same processes as in the first embodiment, for which 
further description is omitted. The second embodiment 
differs from the first embodiment in that a slurry impreg- 
nation treatment is added. 

[0036] In the method according to the second embod- 
iment, the slurry impregnation treatment 1 3 is performed 
after the PIP treatment 7, which includes an impregna- 
tion process in which slurried substances (hereinafter 
abbreviated as slurry) consisting of SiC particles and 
polymer solution, the solution being the same as used 
in the PIP treatment, is impregnated, and a pyrolization 
process following the impregnation process. In the slur- 
ry impregnation treatment 13, the woven fabric consist- 
ing of SiC fibers into which the slurry was impregnated 
is dried in a vacuum condition, and then heat treatments 
are applied several times to it, each of which is per- 
formed at about lOOO^C for two hours in an argon envi- 
ronment at atmospheric pressure. The impregnation 
process does not have to be performed under reduced 
pressure conditions. 

[0037] Folbwing the slurry impregnation treatment 
13, the SiC-CVI treatment 8 is performed, and then the 
leak test 9 is performed. If no-leak performance is 
achieved, then the fabrication processes end, and if not, 
then the PIP treatment 10, the SiC-CVI treatment 11, 
and the leak test 9 are sequentially repeated until no- 
leak performance is achieved. 
[0038] When it is required that the matrix be filled to- 
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cally depending on the result of the leak test 9, another 
slurry impregnation treatment 14 may be performed be- 
tween the PIP treatment 10 and the SiC-CVI treatment 
1 1 . Alternatively, either the PIP treatment 1 0 or the slurry 
impregnation treatment 14 may be selectively per- 
formed. A higher impregnation efficiency can be ob- 
tained when the slurry impregnation treatment 1 4 is per- 
formed alone. 

[0039] In the method for fabricating a CMC article ac- 
cording to this embodiment, because the slurried SIC is 
impregnated into the voids in the woven fabric, the filling 
factor of the CMC is preferably increased. As a result, 
the number of PIP treatments 1 0 repeated after the leak 
test 9 may be reduced to about 1 0 to 20 times, whereas 
previously 30 to 40 times was necessary, whereby the 
throughput of CMCs can be greately increased. 
[0040] In the method according to the above embod- 
iment, in order to achieve no-leak performance, the ma- 
chining process 6 is performed between the CVI treat- 
ment 5 and the PIP treatment 7, or the slurry impregna- 
tion treatment 13 is performed after the PIP treatment 
7; however, this method is preferably applicable even in 
the case in which no-leak performance is not required 
since the number of the PIP treatments can be reduced. 
[0041] In the above description about the method ac- 
cording to the second embodiment, the slurry impreg- 
nation treatment 1 3 is preferably performed after the PIP 
treatment 7; however, the sequence is not limited, and 
the slurry impregnation treatment 13 may be performed 
before the PIP treatment 7. In this case, the impregna- 
tion efficiency may be increased since the slurry is im- 
pregnated more easily. 

[0042] As described, in the method for fabricating a 
CMC article according to the first aspect of the present 
invention, the woven fabric is machine-tooled between 
the CVI treatment and the PIP treatment. 
[0043] In this method for fabricating a CMC, because 
a sufficient amount of the organic silicon polymer can 
be impregnated into the inside of the woven fabric during 
the PIP treatment, the number of PIP treatments re- 
quired to achieve no-leak performance may be reduced, 
whereby the throughput of CMCs can be greatly in- 
creased. 

[0044] In the method for fabricating a CMC article ac- 
cording to the second aspect of the present invention, 
the woven fabric is machine-finished into a desired 
shape in the machining process. 
[0045] In this method for fabricating a CMC article, an- 
other finishing process after the PIP treatment is not re- 
quired, whereby the throughput of CMCs can be further 
increased. 

[0046] In the method for fabricating a CMC article ac- 
cording to the third aspect of the present invention, a 
slurry impregnating process is performed before or after 
the PIP treatment. 

[0047] In this method for fabricating a CMC article, be- 
cause the filling factor of the CMC article can be effi- 
ciently increased, the number of the PIP treatments re- 



quired to achieve no-leak performance may be further 
reduced, whereby the throughput of CMCs can be fur- 
ther increased. 

5 

Claims 

1 . A method for fabricating a CMC artk^le, comprising: 

10 performing a CVI treatment (5) for forming a 

SiC matrix layer on the surface of a woven fab- 
ric; 

performing a machining process (6), after said 
CVI treatment (5). for machining said woven 
15 fabric; and 

perfomiing a PIP treatment (7), after said ma- 
chining process (6). for impregnating an organ- 
ic silicon polymer as a base material into voids 
in said matrix layer and pyrolyzing said organic 
20 silicon polymer. 

2. A method according to claim 1 . wherein said woven 
fabric is machine-finished into a desired shape in 
said machining process (6). 

25 

3. A method according to one of claims 1 and 2, further 

comprising: 

performing a slurry impregnating process (13) 
30 before or after said PIP treatment (7) for im- 

pregnating SiC in a slurry state into voids in said 
matrix layer. 
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